4,511,503 (1985); Jones et aU U.S. Patent No. 4,512,922 (1985), all of which are 
hereby incorporated by reference. 

The solubilized protein is then purified on the Ni** column as described above, 
following the manufacturers instructions (Novagen). The washed proteins are eluted 
from the column by a combination of imidazole competitor (1 M) and high salt (0.5 M 
NaCl), and dialyzed to exchange the buffer and to allow denature proteins to refold. 
Typical recoveries result in approximately 20 jag of specific protein per ml of starting 
culture. The DNAP mutant is referred to as the Cleavase® BN nuclease and the 
sequence is given in SEQ ID NO:31 (the amino acid sequence of the Cleavase® BN 
nuclease is obtained by translating the DNA sequence of SEQ ID NO:31). 

2. Modified DNAPTfl Gene 

The DNA polymerase gene of Thermits flavus was isolated from the "T. flavus" 
AT-62 strain obtained from the American Type Tissue Collection (ATCC 33923). 
This strain has a different restriction map then does the T. flavus strain used to 
generate the sequence published by Afchmetzjanov and Vakhitov, supra. The 
published sequence is listed as SEQ ID NO:2. No sequence data has been published 
for the DNA polymerase gene from the AT-62 strain of T. flavus. 

Genomic DNA from T. flavus was amplified using the same primers used to 
amplify the T. aquaticus DNA polymerase gene (SEQ ID NOS:13-14). The 
approximately 2500 base pair PCR fragment was digested with EcoRI and BamHL 
The over-hanging ends were made blunt with the Klenow fragment of DNAPEcl and 
dNTPs. The resulting approximately 1800 base pair fragment containing the coding 
region for the N-terminus was ligated into pET-3c, as described above. This construct, 
clone 5B, is depicted in Fig. 5B. The wild type T. flavus DNA polymerase gene is 
depicted in Fig. 5A. The 5B clone has the same leader amino acids as do the 
DNAPTa? clones 4E and F which were cloned into pET-3c; it is not known precisely 
where translation termination occurs, but the vector has a strong transcription 
termination signal immediately downstream of the cloning site. 
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B. Growth And Induction Of Transformed Cells 
Bacterial cells were transformed with the constructs described above using 
standard transformation techniques and used to inoculate 2 mis of a standard growth 
medium (e.g., Luria-Bertani broth). The resulting cultures were incubated as 
appropriate for the particular strain used, and induced if required for a particular 
expression system. For all of the constructs depicted in Figs. 4 and 5, the cultures 
were grown to an optical density (at 600nm wavelength) of 0.5 OD. 

To induce expression of the cloned genes, the cultures were brought to a final 
concentration of 0.4 mM IPTG and the incubations were continued for 12 to 17 hours. 
50 fil aliquots of each culture were removed both before and after induction and were 
combined with 20 fil of a standard gel loading buffer for sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE). Subsequent staining with Coomassie 
Blue (Sambrook et al, supra) allows visualization of the foreign proteins if they 
account for about 3-5% of the cellular protein and do not co-migrate with any of the 
major E. coli protein bands. Proteins that do co-migrate with a major host protein 
must be expressed as more than 10% of the total protein to be seen at this stage of 
analysis. 

C. Heat Lysis And Fractionation 

Expressed thermostable proteins, Le., the 5' nucleases, were isolated by heating 
crude bacterial cell extracts to cause denaturation and precipitation of the less stable E. 
coli proteins. The precipitated E. coli proteins were then, along with other cell debris, 
removed by centrifiigation. 1.7 mis of the culture were pelleted by microcentrifugation 
at 12,000 to 14,000 rpm for 30 to 60 seconds. After removal of the supernatant, the 
cells were resuspended in 400 fil of buffer A (50 mM Tris-HCl, pH 7.9, 50 mM 
dextrose, 1 mM EDTA), re-centrifuged, then resuspended in 80 fil of buffer A with 
4mg/ml lysozyme. The cells were incubated at room temperature for 15 minutes, then 
combined with 80 ^1 of buffer B (10 mM Tris-HCl, pH 7.9, 50 mM KC1, 1 mM 
EDTA, 1 mM PMSF, 0.5% Tween-20, 0.5% Nonidet-P40). 
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This mixture was incubated at 75°C for 1 hour to denature and precipitate the 
host proteins. This cell extract was centrifuged at 14,000 ipm for 15 minutes at 4°C, 
and the supernatant was transferred to a fresh tube. An aliquot of 0.5 to 1 /xl of this 
supernatant was used directly in each test reaction, and the protein content of the 
extract was determined by subjecting 7 jil to electrophoretic analysis, as above. The 
native recombinant Taq DNA polymerase [Englke, Anal. Biochem 191:396 (1990)], 
and the double point mutation protein shown in Fig. 4B are both soluble and active at 
this point. 

The foreign protein may not be detected after the heat treatments due to 
sequestration of the foreign protein by the cells into inclusion bodies. These are 
granules that form in the cytoplasm when bacteria are made to express high levels of a 
foreign protein, and they can be purified from a crude lysate, and analyzed SDS PAGE 
to determine their protein content. Many methods have been described in the 
literature, and one approach is described below. 

D. Isolation And Solubilization Of Inclusion Bodies 

A small culture was grown and induced as described above. A 1.7 ml aliquot 
was pelleted by brief centrifugation, and the bacterial cells were resuspended in 100 /il 
of Lysis buffer (50 mM Tris-HCl, pH 8.0, 1 mM EDTA, 100 mM NaCl). 2.5 fil of 
20 mM PMSF were added for a final concentration of 0.5 mM, and lysozyme was 
added to a concentration of 1.0 mg/ml. The cells were incubated at room temperature 
for 20 minutes, deoxycholic acid was added to lmg/ml (1 fil of 100 mg/ml solution), 
and the mixture was further incubated at 37°C for about 15 minutes or until viscous. 
DNAse I was added to 10 /ig/ml and the mixture was incubated at room temperature 
for about 30 minutes or until it was no longer viscous. 

From this mixture the inclusion bodies were collected by centrifugation at 
14,000 rpm for 15 minutes at 4°C, and the supernatant was discarded. The pellet was 
resuspended in 100 ^1 of lysis buffer with lOmM EDTA (pH 8.0) and 0.5% Triton X- 
100. After 5 minutes at room temperature, the inclusion bodies were pelleted as 
before, and the supernatant was saved for later analysis. The inclusion bodies were 
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